Low bone mineral density has been reported in paediatric and adult patients with different lung diseases, but limited data are available on the association between lung function and bone density in a healthy young population. We explored the predictors of association between bone mass and pulmonary function in healthy first-year university students, focusing on body mass index (BMI). In this cross-sectional study we measured bone density with ultrasound and lung function with spirometry in 370 university students (271 girls and 99 boys). Information on lifestyle habits, such as physical activity, smoking, and alcohol consumption were obtained with a questionnaire. All lung function and bone parameters were significantly higher in boys than in girls (P<0.001). Underweight students had a significantly lower forced vital capacity (FVC%) (P=0.001 girls; P=0.012 boys), while overweight students had a significantly higher FVC% than normal weight students (P=0.024 girls; P=0.001 boys). BMI significantly correlated with FVC% (P=0.001) and forced expiratory volume in 1 second (FEV 1 %) in both genders (P=0.001 girls; P=0.018 boys) and with broadband ultrasound attenuation (BUA) in boys. There were no significant associations between any of the bone and lung function parameters either in boys or girls. The most important determinant of lung function and ultrasound bone parameters in our study population was body mass index, with no direct association between bone density and lung function.
association between lung function and bone mineral density (BMD) in patients with different lung diseases and suggested that a plausible cause of bone loss could be medications patients receive for lung treatment. Other factors that could stimulate bone resorption include smoking, low physical activity, malnutrition, and increased serum levels of inflammatory cytokines in chronic pulmonary patients.
However, studies in general population presented controversial results on the association between lung function and BMD. The absence of a clear association pointed to other factors like lifestyle or body mass (6) (7) (8) (9) . Speaking of the latter, malnutrition was shown to prolong the activity of inspiratory muscles during expiration, decrease the neuromuscular inspiratory drive, and reduce tidal volume (10) . On the other hand, obesity was reported to reduce lung volume and expiratory flow rate (11) . Deviations in body mass, especially malnutrition, are also known risk factors for low bone density (12) . Therefore, obesity and malnutrition are important confounding factors in the relationship between lung function and bone density.
The association between bone quality and lung function has rarely been investigated in young healthy people. Many known risk factors for low bone density and poor lung function like smoking, prolonged physical inactivity, alcohol consumption, other diseases, and medications are either absent or of brief duration in young people. Therefore, in this study we wanted to investigate the association between lung function and bone density in a healthy student population focusing on the body mass index as a possible determinant of that association.
PARTICIPANTS AND METHODS
We aimed for first-year students across the University of Zagreb, who were informed about the aims of the study at recruitment lectures at their schools.
Each candidate was interviewed by a physician using a modified ISAAC questionnaire (13) to determine whether the participants had any respiratory and skin allergy symptoms (asthma, rhinitis, and dermatitis) in the last twelve months. The physician also took their family history of allergies. Information about menarche, current diseases, and drug therapy were also obtained. The exclusion criteria were asthma in the last twelve months, primary or secondary amenorrhea, diseases affecting bone metabolism, and prolonged immobilisation. After this screening, 370 participants (271 girls and 99 boys) entered the study.
The study was designed in accordance with the Helsinki Declaration and approved by the Ethics Committee of the Institute for Medical Research and Occupational Health (by a decision of 28 February 2006) . All participants volunteered and signed consent form.
Anthropometric measurements
Height and weight were measured for each participant and rounded to the nearest 0.5 cm and 0.5 kg, respectively. Body mass index (BMI) was calculated as weight (kg) divided by the square of height (m 2 ) and the participants divided in three groups: underweight (BMI <18) , normal weight (BMI 18-24.9), overweight (BMI [25] [26] [27] [28] [29] [30] , and obese (BMI >30) (14) .
Lifestyle
Information about lifestyle, including smoking, alcohol consumption, and use of medicines were obtained with a questionnaire designed for this study. The smoking index was calculated by multiplying the number of cigarettes by the number of years of smoking (15) . According to alcohol consumption the participants were divided in three groups: never drinking, occasional consumers, and regular consumers.
Physical activity was established by quantifying selfreported frequency (hours per week) and intensity (moderate/hard) and was scored on a scale from 0 (no physical activity) to 7 (intensive physical activity).
Spirometry
We measured forced vital capacity (FVC), forced expiratory volume in the first second (FEV 1 ), and forced expiratory flow rate at 50 % of FVC (FEF 50 ) with a Pneumoscreen II spirometer (Jaeger, Wurtzburg, Germany), taking the best of at least three measurements for analysis. The obtained values were expressed and analysed as the percentage of the European Coal and Steel Community (CECA II) reference values (16) .
Quantitative bone ultrasonography
We took quantitative ultrasound (QUS) of the heel (non-dominant side) using a Sahara sonometer (Hologic, Bedford, MA, USA). The measured parameters were broadband ultrasound attenuation (BUA; dB/MHz) and the speed of sound (SOS; m/s). From these two parameters, the quantitative ultrasound index (QUI) a. k. a. ultrasound stiffness is obtained and used to evaluate bone status. It may range from 0 to 170, with higher values being associated with greater bone mass. Z scores for QUI were calculated using the Croatian QUS normative data (17) according to the following formula:
(P-AS)/SD where P is the patient QUI result, AS the age-specific mean, and SD the standard deviation of reference population. Instrumental quality control was performed daily by scanning the manufacturer-provided, temperaturesensitive phantom.
Statistical analysis
The data were analysed using the Statistica software, version 12 (StatSoft Inc., Tulsa, OK, USA). The results are shown as mean±standard deviation (SD). The distribution of variables was tested with the Kolmogorov-Smirnov test. Differences between groups were tested using Student′s t-test. The relationship between two variables was tested with Pearson′s correlation. We ran separate multiple regression for QUI, SOS, and BUA as dependent variables and for all potential confounding factors (gender, BMI, smoking index, physical activity, FVC %, FEV 1 %, FEF 50 %) as independent variables. For the purpose of regression analysis, variables which were not distributed normally were logarithmically transformed, and residuals were tested for normality. In all tests, a P value lower than 0.05 was considered significant. Since there were only two obese subjects, they were included in the overweight group in the analyses of associations.
RESULTS
The mean age of the participants was 19.1±1.0 for boys and 19.2±1.3 for girls. Table 1 shows gender differences in the measured parameters. Boys had a significantly higher mean BMI than girls. There were 18 (18.1 %) overweight boys and 24 (8.8 %) overweight girls. Two boys (2.0 %) were obese and two boys were underweight. Thirty-three girls (12.1 %) were underweight. In addition, all bone density parameters (QUI, BUA, SOS) were significantly higher in boys than in girls (P<0.001). According to QUI Z score, low bone stiffness (Z score <-1.0) was found in 16.2 % of girls and 3.0 % of boys.
Furthermore, boys had a significantly better lung function than girls (FVC % P<0.001; FEV 1 %, P=0.003). Low FVC %, FEV 1 % (<80 % of the reference values), and FEF 50 % (<60 % of the reference values) were found in 1.0 %, 1.0 %, and 4.0 % of boys, respectively and in 4.8 %, 4.8 % and 10.1 % of girls, respectively.
Compared to the normal weight groups, underweight boys and girls had a significantly lower FVC % (P=0.012 and P<0.001, respectively) while overweight boys and girls had a significantly higher FVC % (P=<0.001 and P=0.024, respectively) ( Table 2 ). Underweight girls also had a significantly lower FEV 1 % (P=0.005).
There were no significant differences in BMI, bone density parameters, and lung function between smokers and non-smokers and between alcohol consumers and nonconsumers (results not shown).
DISCUSSION
We found no significant association between lung function and bone density in our young, healthy participants. Our results suggest that this association in healthy, but probably also in sick people, is not a simple causal association but rather a consequence of the interaction between various factors that independently affect both parameters, like anthropometry, physical activity, or smoking. This was also proposed the authors who confirmed significant association between these two parameters, but could not establish a pathophysiological mechanism that would explain this association (6, 7).
The factor that stands out in our study as a link between ultrasound bone parameters and lung function is BMI. Underweight students (BMI <18) had significantly worse lung function test results than normal weight students. One earlier study showed that poor spirometry findings in malnourished people were the consequence of respiratory muscle weakness and lower ventilatory drive (18) . Studies in young patients with anorexia showed significant worsening of lung function, including a low diffusing capacity for carbon monoxide (19), a lower peak expiratory flow (20) , and a significant elevation in residual volume (21) .
Furthermore, our overweight students had better lung function results than normal weight students. However, this finding challenges most other studies with reduced lung function in overweight children and adults (11, 22, (23) (24) (25) (26) . As a parameter of excess weight and obesity, BMI is not always reliable. Being the ratio between body mass and height, without accounting for fat tissue, BMI all too frequently categorises people as overweight even if they have higher muscle-to-fat-tissue ratio (27, 28) . The mean BMI of 27.1 in our overweight students is not much higher than the upper limit of normal BMI. On the other side, our
In boys BMI positively correlated with FVC % (P<0.001), FEV 1 % (P=0.018), and BUA (P=0.032). In girls BMI positively correlated with all lung function parameters (FVC % and FEV 1 % -P<0.001; FEF 50 % -P=0.040) ( Table  3) . Table 4 shows the association between ultrasound bone density parameters and potential confounding factors. When controlled for gender, BMI significantly correlated with BUA (P=0.012). normal weight subjects were relatively thin, with mean BMI of 21.3. The relative leanness in the majority of our students may be the reason why the overweight ones had a significantly better pulmonary function. Moreover, we do not have the data on fat-to-muscle ratio and muscle strength that could suggest the capacity of their respiratory muscles. Yet it is pretty safe to assume that the overweight group had a greater muscle content, considering that our overweight girls were significantly more physically active than the rest. Furthermore, muscle strength and physical activity are also well known predictors of bone density in young people (29, 30) .
Body mass is a well-known predictor of bone density, with the exception of extreme obesity (32) . In our participants, this correlation was clear only for the ultrasound parameter (BUA).
Our study found significant gender differences in the analysed parameters. Girls were significantly more underweight, less physically active, and had lower lung function and bone density parameters than boys. These findings highlight harmful misconceptions launched by the fashion industry that skinny is beautiful and call for a more aggressive promotion of healthy diet and regular physical activity in adolescent women.
Our study has two limitations: the first is that we did not measure bone density with dual-energy X-ray absorptiometry (DXA). Although many studies show a good correlation between ultrasound and DXA, others have raised concern due to differences in precision and areas being measured (31) . The second limitation is the uneven number of boys and girls due to low response by boys. We tried to overcome this issue by including male dominated faculties, but did not succeed.
The merit of our study, however, remains: it found no direct relationship between BMD and lung function in a young healthy population after adjusting for confounding factors. Instead, it has singled out body mass as the most important confounder and link between the two. 
